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METHOD AND APPARATUS FOR CONTROLLING TOOL CHANGER 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a method and 
apparatus for controlling a tool changer which comprises 
a changer arm for holding tools and is adapted to pivot 
the changer arm by a driving system including a servo 
motor to exchange a tool attached to a main spindle and 
a tool located in a predetermined position. 
Description of the Prior Art 

Tool changers employed for machine tools 
generally include a changer arm for holding tools, a 
rotation shaft connected to the changer arm in an 
orthogonal relation, driving means for axially moving 
the rotation shaft and rotating the rotation shaft about 
the axis thereof, and the like. In such a tool changer, 
the changer arm is moved axially of the rotation shaft 
and pivoted about the rotation shaft, and a tool attached 
to a main spindle and a tool located in a predetermined 
position are exchanged by such combined movement of the 
changer arm. 

An electric motor (driving motor) is 
conventionally employed at least for the rotation of the 
rotation shaft. After the main spindle is moved to a 
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tool changing position, the driving motor is driven and 
controlled so that the rotation shaft is rotated to pivot 
the changer arm. 

In the field of machine tools, attempts are 
constantly made to reduce operation times of respective 
operating mechanisms to reduce a machining time for 
reduction of machining costs. The tool changer is also 
unexceptional, and an attempt is made to reduce the time 
required for tool change. Where the tool change is 
frequently carried out for machining, the tool changing 
time accounts for a great proportion of the total 
machining time. Therefore, the reduction in the tool 
changing time is imperative. 

In view of the foregoing, the inventor of the 
present invention have conducted intensive studies to 
further reduce the tool changing time, and attained the 
present invention. It is therefore an object of the 
present invention to provide a tool changer controlling 
method and apparatus which can further reduce the tool 
changing time as compared with the prior art. 
SUMMARY OF THE INVENTION 

In accordance with the present invention to 
achieve the aforesaid object, there is provided a method 
for controlling a tool changer which comprises a changer 
arm having a spindle tool holder for holding a tool 



attached to a main spindle and a standby tool holder for 
holding a tool to be next attached to the main spindle 
for tool change and is adapted to pivot the changer arm 
by a driving system including a servo motor to exchange 
the tool attached to the main spindle in a tool changing 
position and the next tool in a predetermined position, 
the method comprising the steps of: preliminarily 
pivoting the changer arm by a predetermined angle when 
the main spindle is moved to the tool changing position; 
further pivoting the changer arm so as to move the spindle 
tool holder of the changer arm to the tool changing 
position after the main spindle reaches the tool changing 
position; and causing the spindle tool holder of the 
changer arm to hold the tool attached to the main spindle. 

The aforesaid method can be implemented by an 
apparatus for controlling a tool changer which comprises 
a changer arm having a spindle tool holder for holding 
a tool attached to a main spindle and a standby tool holder 
for holding a tool to be next attached to the main spindle 
for tool change and is adapted to pivot the changer arm 
by a driving system including a servo motor to exchange 
the tool attached to the main spindle in a tool changing 
position and the next tool in a predetermined position, 
wherein the servo motor is driven to preliminarily pivot 
the changer arm by a predetermined angle when the main 



spindle is moved to the tool changing position, to 
further pivot the changer arm so as to move the spindle 
tool holder of the changer arm to the tool changing 
position after the main spindle reaches the tool changing 
position, and to cause the spindle tool holder of the 
changer arm to hold the tool attached to the main spindle. 

According to the present invention, the changer 
arm is preliminarily pivoted by the predetermined angle 
when the main spindle is moved to the tool changing 
position and, after the main spindle reaches the tool 
changing position, the changer arm is further pivoted 
so that the spindle tool holder thereof is moved to the 
tool changing position. Therefore, the tool changing 
time can be reduced by the preliminary pivoting of the 
changer arm as compared with the prior-art controlling 
method and apparatus in which the changer arm is pivoted 
after the main spindle reaches the tool changing 
position . 

Where the main spindle is located on the same side 
as the spindle tool holder of the changer arm with respect 
to a plane including a pivot axis of the changer arm and 
the tool changing position prior to the movement to the 
tool changing position, the predetermined preliminary 
pivot angle is preferably smaller than the predetermined 
preliminary pivot angle where the main spindle is located 



opposite from the spindle tool holder with respect to 
the plane prior to the movement to the tool changing 
position . 

Where the main spindle is located on the same side 
as the spindle tool holder of the changer arm with respect 
to the plane prior to the movement to the tool changing 
position, there is a possibility that the main spindle 
interferes with the changer arm during the movement to 
the tool changing position if the preliminary pivot angle 
is set greater. Therefore, the preliminary pivot angle 
cannot be set excessively great. Where the main spindle 
is located opposite from the spindle tool holder of the 
changer arm with respect to the plane, on the contrary, 
the preliminary pivot angle may be set relatively great 
as long as the main spindle is prevented from interfering 
with the changer arm during the movement to the tool 
changing position. 

Thus, the tool changing time can more precisely 
and properly be reduced by setting the preliminary pivot 
angle at a greatest possible level according to the 
position of the main spindle prior to the movement to 
the tool changing position. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram schematically 
illustrating the construction of a tool changer and the 



construction of a controlling apparatus for the tool 
changer in accordance with one embodiment of the present 
invention; 

Fig. 2 is a diagram for explaining a tool changing 
operation according to the embodiment; and 

Fig. 3 is a flow chart for explaining a process 
sequence to be performed by a drive controlling section 
according to the embodiment. 
DESCRIPTION OF THE PREFERRED EMBODIMENT 

A preferred embodiment of the present invention 
will hereinafter be described with reference to the 
attached drawings. Fig. 1 is a schematic diagram 
schematically illustrating the construction of a tool 
changer and the construction of a controlling apparatus 
for the tool changer in accordance with the embodiment. 

As shown in Fig. 1, the tool changer 1 according 
to this embodiment includes a changer arm 2 for holding 
tools, a rotation shaft 3 connected to the changer arm 
2 in an orthogonal relation, a driving mechanism 4 for 
axially moving the rotation shaft 3 and rotating the 
rotation shaft 3 about the axis thereof, a servo motor 
5 for applying power to the driving mechanism 4, and the 
like. The changer arm 2 has a spindle tool holder 2a 
provided on one end thereof for holding a tool Ta attached 
to a main spindle 20, and a standby tool holder 2b provided 



on the other end thereof for holding a tool Tb to be next 
attached to the main spindle for tool change. The 
changer arm 2 is moved axially of the rotation shaft 3 
and pivoted about the rotation shaft 3 by operations of 
the servo motor 5 and the driving mechanism 4. By such 
combined movement of the changer arm 2, the tool Ta 
currently attached to the main spindle 20 and the next 
tool Tb taken out of a tool retainer (not shown) and 
located in a predetermined position are respectively 
held by the spindle tool holder 2a and the standby tool 
holder 2b, and exchanged. The servo motor 5 is provided 
with a position detector for detecting a rotational 
position of its output shaft. 

The controlling apparatus 10 includes a program 
storage section 11, a program analyzing section 12, a 
drive controlling section 13, a feed controlling section 
14, and the like. The controlling apparatus 10 
according to this embodiment serves as a part of a 
numerical controller of a machine tool, and only 
components constituting the present invention are 
illustrated in Fig. 1 for explanation of this embodiment. 

The program storage section 11 functions to store 
a preliminarily generated machining program. The 
program analyzing section 12 analyzes the machining 
program stored in the program storage section 11 to 
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extract commands on the tool change, the rotation of the 
main spindle and a feed rate and a feed position for a 
feed driving section 15 from the machining program, then 
transmits the extracted tool change command to the drive 
controlling section 13, and transmits the commands on 
the feed rate, the feed position and the tool change to 
the feed controlling section 14. 

The feed controlling section 14 feedback- 
controls the feed driving section 15 in accordance with 
the commands received from the program analyzing section 
12 to three-dimensionally move the main spindle 20 and 
a table (not shown) along three axes. Upon reception 
of the tool change command from the program analyzing 
section 12, the feed controlling section 14 moves the 
main spindle 20 to a tool changing position (0 2 ) as shown 
in Fig. 2. A signal indicative of the current position 
of the main spindle 20 fed back to the feed controlling 
section 14 from the feed driving section 15 is further 
transmitted to the drive controlling section 13 from the 
feed controlling section 14. 

The drive controlling section 13 drives the servo 
motor 5 on the basis of the command received from the 
program analyzing section 12 to operate the changer arm 
2 in the aforesaid manner , thereby exchanging the current 
tool Ta attached to the main spindle 20 and the next tool 



iBiBinii 



Tb taken out of the tool retainer (not shown) and located 
in the predetermined position. 

More specifically, the drive controlling section 
13 performs a process as shown in Fig. 3. The drive 
controlling section 13 checks if the tool change command 
is received from the program analyzing section 12 (Step 

51) . If the reception of the tool change command is 
confirmed, the drive controlling section 13 detects the 
position of the main spindle 20 on the basis of the signal 
transmitted from the feed controlling section 14 (Step 

52) . Then, the drive controlling section 13 judges 
whether the main spindle 20 is located in a area A or 
a area B as seen in Fig. 2 prior to the movement to the 
tool changing position (0 2 ) (Step S3) . The areas A and 
B are herein defined as demarcated by a plane P 
(perpendicular to a sheet face of Fig. 2) including the 
pivot axis (Oi) of the changer arm 2 and the tool changing 
position (0 2 ) . The area A is located on the side of the 
standby tool holder 2b for holding the next tool Tb for 
the tool change, while the area B is located on the side 
of the spindle tool holder 2a of the changer arm 2 for 
holding the main spindle tool (current tool) Ta. 

If it is judged that the main spindle 20 is located 
in the area A, the changer arm 2 is preliminarily pivoted 
by an angle 8 a to a position I as shown in Fig. 2 (Step 



S4) . On the other hand, if it is judged that the main 
spindle 20 is located in the area B, the changer arm 2 
is preliminarily pivoted by an angle 6 2 to a position 
II as shown in Fig. 2 (Step S5) . The changer arm 2 
assumes a state as indicated by a continuous line in Fig. 
2 before a tool changing operation is started. The 
angles 6 1 and 6 2 are defined as satisfying a relation 

of e i> e 2 . 

Where the main spindle 20 is located in the area 
B prior to the movement to the tool changing position 
(0 2 ) , there is a possibility that the main spindle 20 
interferes with the changer arm 2 during the movement 
to the tool changing position (0 2 ) if the changer arm 2 
is preliminarily pivoted by a greater angle, for example, 
to the position I . In this embodiment, therefore, the 
changer arm 2 is preliminarily pivoted by an angle such 
as to assuredly prevent the main spindle from interfering 
with the changer arm 2, i.e., by the angel d 2 shown in 
Fig. 2, when the main spindle 20 is located in the area 
B. 

Where the main spindle is located in the area A, 
on the contrary, there is no possibility that the main 
spindle interferes with the changer arm 2 during the 
movement to the tool changing position (0 2 ) even if the 
changer arm 2 is preliminarily pivoted by a greater angle . 

10 



In this embodiment, therefore, the changer arm 2 is 
preliminarily pivoted by the angel 9 i which is greater 
than the angle 0 2 , when the main spindle is located in 
the area A. 

As described above, the tool change command is 
also transmitted to the feed controlling section 14 from 
the program analyzing section 12 . Upon reception of the 
tool change command, the feed controlling section 14 
moves the main spindle 20 to the tool changing position 
(0 2 ) • Therefore, the preliminary pivoting of the 
changer arm 2 is carried out simultaneously with the 
movement of the main spindle 20 to the tool changing 
position (0 2 ) . 

After the changer arm 2 is preliminarily pivoted 
in the aforesaid manner , it is checked if the main spindle 
20 reaches the tool changing position (0 2 ) (Step S6) . If 
the main spindle 20 reaches the tool changing position 
(0 2 ) , the changer arm 2 is further pivoted by a residual 
angle to move the spindle tool holder 2a to the tool 
changing position (0 2 ) (which is 90-degree apart from the 
initial position thereof) , and the spindle tool holder 
2a and the standby tool holder 2b are caused to hold the 
main spindle tool (current tool) Ta and the next tool 
Tb, respectively. Then, a subseguent tool changing 
operation is performed (Step S7). 
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After completion of the tool changing operation 
(Step S8), the foregoing process sequence is repeatedly 
performed until a machining end signal is received from 
the program analyzing section 12 (Step S9) . 

As described above in detail, the controlling 
apparatus 10 according to this embodiment preliminarily 
pivots the changer arm 2 by the predetermined preliminary 
pivot angle 6 1 or 9 2 when the main spindle 20 is moved 
to the tool changing position (0 2 ) . Therefore, the tool 
changing time can be reduced by the preliminary pivoting 
of the changer arm 2 as compared with the prior art in 
which the changer arm 2 is pivoted after the movement 
of the main spindle 20 to the tool changing position (0 2 ) . 

In consideration of the interference of the main 
spindle 20 with the changer arm 2, the preliminary pivot 
angles 6 1 and 6 2 are each set at a greatest possible level 
in accordance with the position of the main spindle 20 
prior to the movement to the tool changing position (0 2 ) . 
Therefore, the tool changing time can more precisely and 
properly be reduced. 

While the present invention has thus been 
described by way of the embodiment, it should be 
understood that the invention be not limited to this 
specific embodiment. In the embodiment described above, 
the two areas A and B are separately defined, and the 
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preliminary pivot angles 6 1 and d 2 are set for the 
respective areas A and B. Alternatively, a greater 
number of areas may be defined, and preliminary pivot 
angles may be set for the respective areas thus defined. 
With this arrangement, the tool changing time can further 
more precisely and properly be reduced. 
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